arXiv:hep-ph/9701333vl 20 Jan 1997 


A COVARIANT METHOD FOR CALCULATING 
AMPLITUDES OF PROCESSES INVOLVING 
POLARIZED SPIN 1/2 PARTIGLES. 
CALCULATION OF THE INTERFERENCE 
TERMS IN THEIR CROSS SECTIONS 


Alexander L. Bondarev 

National Scientific and Educational Center of Particle and 
High Energy Physics attached to Belarusian State University 
M.Bogdanovich str.,153, Minsk 2200fO, Republic of Belarus 
e-mail: bondarev@hep.by 

February 1, 2008 


Published in 

Teoreticheskaya i Matematicheskaya Fizika, Vol.96, No.l, P.96 - 108 (1993) (in Russian) 
Translated in 

Theoretical and Mathematical Physics, Vol.96, No.l, P.837 - 844 (1993) 


Abstract 

A covariant method is proposed for calculating the amplitudes of processes in¬ 
volving polarized spin 1/2 particles. It is suitable for calculating the interference 
terms in the cross sections of such processes. As an illustration, expressions are 
given for the amplitudes of electron-electron scattering in the lowest order of per¬ 
turbation theory and expressions for the electron current in the case of emission of 
two bremsstrahlung photons in the ultrarelativistic limit. 


1 Introduction 

In calculations of cross sections involving diagrams of higher orders (especially when al¬ 
lowance is made for the polarizations of the participating particles), the need to calculate 
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the traces of products of a large number of Dirac 7 matrices presents considerable difficul¬ 
ties. One of the ways of avoiding such difficulties is to calculate directly the amplitudes 
of the processes. In particular, expressions are given in [|l| that were obtained by the 
multiplication of 7 matrices and bispinors expressed component by component in deh- 
nite frames of reference. Because of computational difficulties, other authors too in later 
studies were forced to use such a device (see, for example, [ 0 , [^). 

The obvious shortcomings of such an approach include the complexity of the calcula¬ 
tions and the cumbersome and noncovariant nature of the results. 

Various authors have attempted the covariant calculation of amplitudes (see [§ 
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but the expressions obtained in their studies could not be used to calculate the interference 
terms in the cross sections. We consider below a general scheme that embraces the results 
of the cited studies, and we propose a particularization of the scheme that permits the 
calculation of not only amplitudes but also interference terms in the cross sections. 


2 General method of covariant calculation 

In any reaction involving spin 1/2 particles in the initial and hnal states, there is an even 
number {2N) of fermions. Therefore, each diagram contains N fermion lines that are not 
closed. In the amplitude of the process, two bispinors correspond to the ends of each 
line. For dehniteness, we shall in what follows assume that both fermions are particles. 
However, the results also hold when the fermions are antiparticles or one fermion is a 
particle and the other an antiparticle. 

In the amplitude of the process, there corresponds to each line an expression of the 
form 

Mi2 = U 2 QU 1 (1) 

where ui = u{pi,ni) and U 2 = u{p 2 ,n 2 ) are the bispinors for the free particles, pi and 
P 2 are the 4-momenta of the particles, ni and U 2 are the 4-vectors that specify the axes 
of the spin projections of the particles, U 2 = m ^74 and u~^ = u* (the asterisk denotes 
complex conjugation, the tilde matrix transposition), and Q is the matrix operator that 
characterizes the interactions. 

The operator Q can be expressed as a linear combination of products of Dirac 7 
matrices (or contractions of them with 4-vectors) and may have an arbitrary number of 
free Lorentz indices. 

To calculate M 12 , we use the scheme 

^ ^ .UlZu2 U 2 QU 1 U 1 ZU 2 

Mi 2 = U2QU1 = [U2QU1) _ = --- 

U 1 ZU 2 U 1 ZU 2 

( 2 ) 

_ {QuiUiZu2U2)t ^ {QuiUiZu2U2)t _ {QuiUiZu2U2)t _ . , 

UlZu2 \UiZu2\ [{ZuiUiZu2U2)tY/‘^ 
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where Z is an arbitrary 4x4 matrix, 

z = 74Z+74 , Z+ = Z" 

{t is the symbol of the matrix trace, and the symbol ~ means ”up to a phase factor”). 
In place of uu in (H) projection operators are substituted. For a massive particle 


u{p, n)u{p, n) = -—(m — ip){l + = V , 

4m 


(3) 


where p = p^ 7 ^, p^ = —m^, = 1, pn = 0, uu = 1, 75 = 71727374 and m is the particle 

mass [we use a metric in which = (a, 04 = mo), ab = = ab — ao&o ]• 

For a massless particle, the projection operator has the form 


u±{q)u±{q) = ^(1 T 75 )g = 
Aiqo 


(4) 


where q^ = 0 and u±'j 4 U± = 1 (the signs ± of P correspond to the particle helicities). 

In [Q , 0 , a choice proposed for Z was Z = 1. Another proposal in ^ was Z = 75 ; 
in addition, the expressions obtained in ^ were given. The results of []^ - [^] reduce to 
Z = 1 + 74 and the results of []T| to Z = m — if (r is an arbitrary 4-momentum such 
that = —m^); the 4-vectors used in to specify the axes of the spin projections were 


rii = 


rri^P2 + {piP2)pi 

m[{pip2y 


^4] 1/2 


n2 = 


rri^pi + {piP2)p2 

m[{pip2Y — 


However, as can be seen from (^, all the expressions obtained for M 12 are known up 
to a phase factor that depends on uiZu 2 ■ 

We note in passing that 

[{QuiUiZu2U2)t]* {U2QU1U1ZU2)* 


(M 12 )* ~ 


[{ZuiUiZu2U2)tY/‘^ [{ZuiUiZu2U2)tY/‘^ 

U2ZU1U1QU2 _ {ZuiUiQu2U2)t N. 

— [.■M 12 ) 


(5) 


[{ZuiUiZu2U2)tY^‘^ [{ZuiUiZu2U2)tY^‘^ 


The presence of the unknown phase factors makes it impossible in the general case 
to use and (|^) to calculate amplitudes of processes that take place through several 
channels, since in this case errors in calculating the interference terms in the cross sections 
of such processes are possible. 


3 Calculation of interference terms in the cross sec¬ 
tions 

We consider in general form the diagrams for a process that proceeds through two different 
channels (see Fig.|I]). 
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Figure 1 : General form the diagrams for a process that proceeds through two different 
channels 


To the hrst diagram there corresponds the expression 

M = {u^Aui){u 4 ^Bu 2 ) = M13M24 , 

and to the second 

M' = {uiCui){uzDu2) = M14M23 , 
where A, B, G, D are arbitrary matrix operators, 

(M')* = {uiCu 4 ){u 2 Dus) . 


Difficulties arise in the calculation of interference expressions of the form 
M{M')* = {u3Aui){u4Bu2){uiCu4){u2Du3) 


= [AuiUiCu4U4Bu2U2Du3U3]t . 

To consider (||), we need the following identity: 

[AiUiUiA2U3U3]t[ZiUiUiZ2UsU3]t = [AiUiUiZ2U3U3]t[ZiUiUiA2U3U3]t , 


( 6 ) 

(7) 


where Ai, A2, Zi, Z2 are arbitrary 4 x 4 matrices. 

The validity of the identity (J^) becomes obvious if each of its sides is rewritten as a 
product of four currents. 

We apply the consequence of (|^: 


[AiUiUiA 2 U 3 U 3 \t 


[AiUiUiZ2U3U3]t[ZiUiUiA2U3U3]t 

[ZiUiUiZ 2 U 3 U 3 \t 


Let Ai = A, A2 = [CU4U4BU2U2D] , Z2 = Z, Z2 = Z. Then 


M{M'y 


[AuiUiZu3U^t[ZuiUiCu4U4Bu2U2Du3U^t 

[ZuiUiZu 3 U 3 ]t 


[AuiUiZu 3 U 3 ]t 

[ZuiUiZu 3 U 3 ]t 


[Cu4U4Bu2U2Du3U3ZuiUi]t . 


( 8 ) 
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Similarly, for the second factor in (^) 

[CUiU 4 ^XuiU]\t[XUiU 4 ^Bu 2 U 2 Du^UzZuiU]\t 


[CUiUiBu 2 U 2 Du^UzZuiU]\t = 


[XuiUiXuiU]\t 
[Bu 2 U 2 DuzU 2 ,ZuiUiXUiU/^t 1 


and also 

[Bu 2 U 2 DuzU^ZuiUiXUiU^t = 


[XuiUiCu/^u^t 
[XuiUiXu^u^t 

[BU2U2Y UiU/^t\X U 2 U 2 Du^UzZuiUiXUiU^t 
\Yu 2 U 2 Yu 4 U^t 

[Du^U^ZuiUiXu 4 U 4 Yu 2 U 2 \t ■ 


( 9 ) 


Finally 

[l)M 3 'U 3 ZMi'UiXM 4 'U 4 yM 2 'h 2 ]t = 


[BU2U2Y UiU^t 

\Y U 2 U 2 Y UiU^t 

[DU'iU'iVu 2 U 2 \t\y U’iU'iZuiUiXUiUiY U 2 U 2 ]t 


( 10 ) 


\y U 2 U 2 DU‘iU'i]i 

^ U 2 U 2 V U 2 ,U:i]t 


\y U^iU^iV U 2 U 2 ]t 

[ldM 3 'U 3 ZMi'UiXM 4 'U 4 FM 2 h 2 ]t • 


( 11 ) 


In obtaining (i - O, we have used when necessary cyclic permutations of matrices 
under the trace symbol; X, X, Z, V are as yet arbitrary 4x4 matrices. 

Combining (|), (D - (0), we obtain 


M(M')* = 


X 


[AuiUiZu^U^t [X-UiMiCM4-U4]t 
[ZuiUiZu 2 ,U^t [XuiUiXUiU/^t 

[Bu 2 U 2 YUiUi]t \yU 2 U 2 Du^Uz]t 


■[X-U 3 'U 3 Zni'UiX-U 4 M 4 XM 2 W 2 ]t 


\YU2U2YUiUi]t \yU2U2VU2,U2\t 

_ [AuiUiZU‘iU^]t [XuiUiCUiUi]t [Bu2U2Yu4XLi]t [V U2U2Du2,U^]t (12) 

{\ZuiUiZu2.U:i]tyB {\XuiUiXUiUi]ty/‘^ {\Yu2U2Yu4Ui]ty/‘^ {\Vu2U2Vu^uy\ty/‘^ 

[ZuiUiXuAJj 4 Yu 2 U 2 Vu^uy\t 

[{ZuiUiZuzuy)t{,XuiUiXu4uy)tiYu2U2Yuiuy)t{Vu2U2Vu2,uy)tyB 

= Xf 13X124(^1 14 )*(Al 23 )*-^ ) 

where Xfis, XI24, (XI14)*, (Xl23)* are given by expressions analogous to (H) and (|), and 
the coefficient K is given by 

[Zu\UiXUiU4Yu2U2Vu^uy\t 


K = 


[{ZuiUiZu^uyt{XuiUiXu4uyjt{Yu2U2Yu4uyjt{Vu2U2Vu2,uytyB ■ 


( 13 ) 
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Obviously, for correct calculation of the interference contributions it is necessary to 
require K = 1. This requirement is satished if we choose 
Z = X = Y = V = V [see (|)] or Z = X = Y = V = V± [see (|)] , 
since for the projection operators we have the identities 


VAV = [VA]tV , V = V , 

(14) 

V±AV± = [V±A]tV± , V± = V± . 

(15) 


As an example, we give expressions for amplitudes of processes involving massless 
Dirac particles. In this case, the expression becomes 


U±{p2)Qu±{pi) 


^[QPi#2(1 ± 75 )]^ 
8[(Pl)o(P2)o(gPl)(gP2)]^/2 ’ 


(16) 


where Z = - -(1 ± 75 )^ = = 0. 

4zgo 

The massless 4-vector q can be arbitrary, but it must be the same for all the considered 
fermion lines that are not closed in the diagrams. Note that in ([I 6 | ) and similar expressions 
we shall in what follows use the equals sign instead of the symbol ~ since no problems 
can now arise with the phase factors. 

Further, 


u±{P2)Qu^{Pi) = 


(m + 75hp)p2(l ±75)]t 


8{(Pi)o(P2)o[(pPi) ± m{npi)][{pp2) T m{np2)]} 


1/2 


(17) 


where Z = —(m — ip){l + iysh) =V, p^ = = 1, pn = 0. With regard to the 

4m 

4-vectors p and n, the same remark holds as for the vector q in (^). 

In the last case, it is not possible to use as Z the simpler operator V± because both 
numerator and denominator would then be identically equal to zero. 

If for certain values of pi and p 2 the denominators in (|T^) or (^) vanish in the 
numerical calculation, it is sufficient to change the values of the arbitrary vectors that 
appear in these expressions, namely, q or p, n (simultaneously for all considered lines of 
the diagrams). 

As we have already noted, our method can be readily generalized to include antipar¬ 
ticles. For this, it is sufficient in (^ to replace the particle projection operators by the 
antiparticle analogs. For example, suppose we are interested in V 2 QU 1 , where V 2 is a free 
antiparticle bispinor. Then 


where 


V 2 QU 1 = 


v{p, n)v{p, n) = 


{QuiUiZv2V2)t 

[{ZuiUiZv2V2)tY/‘^ 

--^(m ip){l + i^^n) 
4m 


6 






for a massive antiparticle or 


1 


v±{q)v±{q) = 7— (1 ± l5)q 
Aiqo 

for a massless antiparticle. For Z, we still use (|) or (H). 

In conclusion, we note that the previously proposed direct methods of calculating the 
amplitudes of processes using Z = 1 , 75 , I + 74 , m —if do not permit correct calculation 
of the interference terms in the cross section; for when they are used, the coefficient K, 
which is determined by the expression (|T^ and takes into account the phase factors of 
all the fermion lines that are not closed in the diagrams, is not equal to 1 (this is readily 
demonstrated by considering, for example, processes involving massless particles). 


APPENDIX 1 

As an illustration of the application of the method to the calculation of amplitudes of 
processes involving massive Dirac particles, we consider electron-electron scattering in the 
lowest order of perturbation theory. To this process there correspond the two Feynman 
diagrams shown in Fig.|^. 
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Figure 2 : The Feynman diagrams for electron-electron scattering in the lowest order of 
perturbation theory 


For calculations of amplitudes of processes involving massive Dirac particles, formula 
becomes 

iQuiUiV±U2U2)t 


Mi 2 = U 2 QU 1 = 


( 18 ) 


[{V±UiUiV±U 2 U 2 )tY/‘^ ’ 

and therefore to the electron current of the top line of the hrst diagram there will corre¬ 
spond the expression 

( 13 )m Usli^Ul 

+ *75hi)^(l - Jbq^im - IP3){1 + zyghs) 


/ (1-75)9 (m-^pi)(l+t 75 ni) (1-75)9 (m-zp 3 )(l+i 75 n 3 ) . 

\ Aiqo 4m 4iqo 4m 


n1/2 


= a \aq^ + bpi^ + cp^^ + drii^ + -f /^) 
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where 


a = 4iml-(gpi) + m(gni)]^/^[-(gp3) + , 

a = [m^ + (pip3)][l + (ni7r3)] - mlpiUs) - 771 (^ 3 ^ 1 ) - (pin3)(p3ni), 

h = m{qni) + (^773) [m + (p 3 ’^i)] - (gps)[1 + (’^I’^s)] - Pa, ’^a) , 

c = m^qns) + (g 77 i) [tti + (^1773)] - (qpi) [1 + (771/73)] - e{q, pi,ni, 773) , 

d= -m{qpi) + {qp 3 )[m+ (P1773)] - (^773)[777^ + (piPs)] - £(g,Pi,P 3 ,^3) , 

e = -m{qp3) + (gpi)[7T7+ {p3ni)] - {qni)[m'^ + (P1P3)] - £(g,Pi,P 3 , ^1) , 

/^ = [777+ (P 377 i)]£(/i,g,pi, 773 ) - [777 + (pi 773 )]e(/ 7 , g, ^3, 77 i) 

-[1 + (r7i773)]e:(/7,g,pi,p3) - [ 777 ^ + (piP3)]e:(/7, g, 77i, 773 ) 


-me{p, g, P3, 773) + me{p, g, pi, 77i), 

in which e{p, a, b, c) = e^ypatti^bpCa is the contraction of the completely antisymmetric 
Levi-Civita tensor with the 4 -vectors a, b and c, g^ = 0 . 

The expression for (^24)11 = ^47^772 is obtained from (^13)11 by replacing the index 
3 by 4 and 1 by 2 ; (Ji4)iy = 7747^771 is obtained by {Ji3)p by replacing 3 by 4 and p by 
u, and {J 23 )u = U 3 'juU 2 by replacing 1 by 2 and /7 by u, respectively. 

The expressions we have given are covariant and permit numerical calculations of 
amplitudes. The complex numbers obtained in the calculation serve for the calculation 
of the process cross section. 

In this example, the calculation of the amplitude is as laborious as the calculation 
of the square of the modulus of the matrix element for one diagram but simpler than 
the calculation of the interference term. However, if the number of 7 matrices in the 


operator Q is increased by N [see ([T8|)], their number in the numerator of (p!8[) increases 
only by N (at the same time, the denominator is unchanged), whereas in the construction 
[Q77i77iQ772772]i , which arises in calculations of the square of the modulus, the number 
of 7 matrices is increased by 2 N. Since the trace of product of 2 M 7 matrices contains 
1 ■ 3 ■ 5 ■ ... ■ ( 2 M — 1 ) terms, we see that the more complicated the process the greater 
the gain from calculating it in the method of direct calculation of the amplitudes. This 
is also true for processes involving massless particles. 


APPENDIX 2 

We consider expressions for the electron current in the case of emission of two photons 
in the ultrarelativistic limit {me = 0 ). The Feynman diagrams are given in Fig.|^. 

We take the polarization vectors of a photon with helicity A in the form (see |]TT|) 


ex{ki) = 2 Ni[kiqquj_x - q'qkiUx] , a;± = -(1 ± 75) , 

Ni = [-lQ{qq'){qki){q'ki)]~^^‘^ , 7 = 1,2 . 
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Figure 3 : The Feynman diagrams for the electron current in the case of emission of two 
photons 


In the considered approximation, the electrons being massless, 

uj^u± = u± , u±uj± = u± , u±{q)q = 0 , qu±{q) = 0 . 


Using the above relations, we obtain 

u±{q')e±{ki) = u±{q')uj±2Ni[kiq'quj^ - q'qkiUJ±\ 

( 19 ) 

= 2 NiU±{q')kiq'q = 4 :Ni{q'ki)u±{q')q , 
e^{ki)u±{q) = 2 Ni[kiq'quj± - q'qkiUJ:f]uj^u±{q) 


= - 2 Niq'qkiU±{q) = -ANi{qki)q'u±{q) , 


( 20 ) 


u±{q')e^{ki) = e±{ki)u±{q) = 0 . (21) 

In the expressions given below for the currents JaAt(Ai, A2, A3, A4), a denotes the dia¬ 
gram number, Ai, A2, A3, A4 are the helicities of the hnal electron, 71, 72 and of the initial 
electron, respectively. 

Using Eqs. (pUj) and (|^) - (|^) , we obtain 


±) = -^5m(±, ±, ±, ±) + ±5 ±) 

q' + ki + k2 


= u±iq')e±ik 2 ) f.,^,.^l e±{k 


,, •, e±{ki) j, , fj, , fj, N 7 M«±(g) + (^1 ^ ^2) 

2 [q ^2) 2[kik2 q ki q ^2) 

= 8 NiN 2 {qq')u±{q'){l ± 75)[(<?<?' + qki + 9^2)7^ - g^(fci + k 2 )]u±iq) 


= 8NiN2{qq') {[g;(gp) - P;.(9g0](9g' + Qki + qk2) 

+qiA{qq'){q'p + + pk2) - {qp){q'ki + q'k2)] =f {qp)£{p,q,q', ki fca) 

T{qq')e{p,q,q'+ ki + k2,p)} . 
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Similarly 


^/.(±, T, T, ±) = T, T, ±) + ^2m(±, T, T, ±) 

= 8iViiV2(ggO [gog^(gp)(g/p)]i/2 ~ - q' h - q'k^) 

+q'^^{qq'){qp - pki - pk2) + {q'p){qki + qk2)\ ± {q'p)e{^i, g, g', /ci + /i;2) 
T{qq')e{p,q-ki-k 2 ,q\p)] , 

=*=> T, ±) = ±) T, ±) + ±, T, ±) + -^ 6 /.(±, ±, T, ±) , 


7 r+ + ^ +1 = 

^ A;i 7 : 2 -gA;i-g 7 ; 2 [gog^,(gp)(g'p)]V 2 

{p/.[(g'/i^2 - qq'){{qki){q'k2) - {qq'){kik2)} - {qk2){q'ki){q'k2) - {qq'){qk2){q'ki)] 


+qMk2 - qq'){{<^ki){pk2) - {q'k2){pki) + (g'p)(^i^2)} + ‘2{qk2){qki){q'p)] 
+q't^[{qq' + q'k2){{qk2){pki) - {qki){pk2) - {qp){kik2)} T 2{qk2)e{q, q',p, ki) 
+2{qki){{q'k2){qp) ±e{q,q',p, /ca)} + 2{kik2){{qq'){pk2) - {q'p){qk2) T e{q,q',P, ^2)}] 


+kii,{q'k2 - qq')[{qp){q'k2) - {qq'){pk2) + {qk2){q'p) ± e{q,q',p, /ca)] 
-/i:2/.(g'/i:2 -gg')[( 9 P)( 9 '^i) - {qq'){pki) + {qki){q'p) ±e{q,q',p, ki)] 
T{q'k2 - gg') [{kik2)e{p, g, q', p) + (gg')£( 7 ^, P, k2) 
-{qp)e{p,q\ki,k2) - (g'p)e(/i, g,/ci, fca)] T 2 (g/i;a)(g'A;i)e(/i, g, g',p)} , 
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J4^(±, ±, T, ±) 


= 4iViiV2(gg') 


i 

bogo(gp)(g'p)]^/^ 


[p^J\ 2 {qq){-qq - qki + q'k2) + (ggO(^i^2) + {qki){q'k2) - {qk2){q'ki) 


+q^j[ 2 {qq'){q'p + pki) - 2 {qp){q'ki) - 2{q'p){q’k2) + {q'ki){pk2) - {pki){q'k2) - (g'p)(^i^2)] 
+qW 2 {qq'){qp - pk2) + 2 {qp){qki) + 2(g'p)(#2) - {qki){pk2) + {pki){qk2) - {qp){kik2)] 
+ki^,[{qp){q'k2) + (g'p)(#2) - {qq){pk2) ± e{q,q',p, /ca)] 

+k2^,[{qp){q'kl) + {q'p){qki) - {qq){pki) ± e{q,q\p, ki)] 

T 2 {qq) [e{p, g, q', p) - g, p, ki) - e(/i, q\ p, /ca)] 

T 2 {qp)e{p, g, g', /ci) ± 2 {q'p)e{p, g, g', /ca) ± {kik2)e{p, g, g',p) 
T(gg')£(/i,p,/ci,/c 2 ) ± {qp)e{p,q',ki,k 2 ) ± {q'p)e{p,q,ki,k 2 )} , 


±, T, ±) = 


4 iViiVa(gg') 


/ci/ca + q'ki + g'/ca [gogo(9P)(g'p)]^2 
+ qki){{qq'){kik 2 ) - {qki){q'k 2 )} + {qki){qk 2 ){q'ki) - {qq'){qk 2 ){q'ki)] 

+qf.[{qq' - qki){{q'ki){pk2) - {qk2){pki) - {q'p){kik2)}T2{q'ki)e{q,q',p, /ca) 

+2{q’k2){iqki){q'p)±e{q,q’,p, ki)} + 2{kik2){iqp)iq'ki) - (gg')(p/i:i) ± £(g, g',p, ki)}] 

+qf,[{qq' + qki){{qki){pk2) - {qk2){pki) - {qp){kik2)} + 2{qk2){q ki){qp)] 

+ki^{qq' + qki)[{q'p){qk2) - (gg')(p^2) + {qp){q'k2) ± e{q,q\p, /ca)] 

-/i^2/.(gg' + g/i:i)[(g'p)(g/i^i) - {qq'){pki) + (gp)(g'/i;i) ±e(g,g',p, ki)] 

±(gg' + qki)[{kik2)e{p, g, g', p) + {qq')e{p,p, ki, /ca) 

-{qp)e{p,q',ki,k2) - {q'p)e{p, q, ki, k2)] T 2{qk2){q'ki)e{p, q, q',p)} . 

The expression for 

T, ±, ±) = T, ±, ±) + T3m(±, T, ±, ±) + J5ti{±, T, ±, ±) 
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is obtained from the one for ±, T, i) by interchanging ki and k 2 - In all expressions, 
p is an arbitrary 4-momentum such that = 0 . 

Our expressions for leptonic currents are fairly compact. For comparison, we note that 
the leptonic tensors 

T, ±, T, ±, ±) and J^(±, ±, ±) ±, ±) 

each contain 1416 terms when calculated by the classical method by means of the computer 
system SCHOONSCHIP. 

I thank S.M.Sikach and Professor N.M.Shumeiko for numerous helpful discussions 
during work on this paper. 
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